Data are third party data, gathered by the Surveillance, Epidemiology, and End Results (SEER) database of the National Cancer Institute. SEER data can be accessed at <https://seer.cancer.gov/data/options.html> upon request and by completing a signed SEER Research Data Agreement form. The authors confirm that they had no special access privileges to this data and others can access this data in the same manner as the authors.

Introduction {#sec001}
============

Cervical cancer is the third most prevalent cancer among women and the fourth most common cause of cancer-related deaths worldwide\[[@pone.0193047.ref001], [@pone.0193047.ref002]\]. In the United States, the incidence of cervical cancer has decreased dramatically due to the widespread uptake of the Papanicolaou smear in routine screening and treatment of high-grade precursor lesions\[[@pone.0193047.ref003]\]. Despite this, the incidence of cervical cancer remain substantial, particularly among black and Hispanic women and in populations in Southern regions\[[@pone.0193047.ref003]--[@pone.0193047.ref005]\]. Women who are uninsured or do not have a regular health care provider remain at higher risk for developing this disease\[[@pone.0193047.ref003], [@pone.0193047.ref006], [@pone.0193047.ref007]\]. To address these disparities, a number of federal and state programs have aimed to increase cervical cancer screening rates and improve access to care for disadvantaged populations, including ethnic minorities, low-income, underinsured, and uninsured women.

Churilla *et al* \[[@pone.0193047.ref007]\]. recently demonstrated that cervical cancer patients with Medicaid insurance and those without insurance had increased odds of having advanced stage disease at diagnosis, receiving suboptimal therapy, and experiencing an increased risk of overall mortality, compared to those with private insurance\[[@pone.0193047.ref007]\]. Churilla *et al*. also found that black women were more likely to have Medicaid or lack of insurance, compared with white women\[[@pone.0193047.ref007]\], but did not specifically test the interaction of race and insurance status. Prior research has shown that black women are more likely to be diagnosed with advanced-stage cervical cancer and are less likely to receive timely and adequate cervical cancer treatment\[[@pone.0193047.ref008]--[@pone.0193047.ref013]\]. A recent study in the Surveillance, Epidemiology and End Results (SEER) data showed that among women with cervical cancer, black women were more likely to die from their disease compared to white women, and adjustment for sociodemographic and clinical characteristics attenuated the results\[[@pone.0193047.ref014]\]. To date, however, researchers have not examined the proportion of cervical cancer mortality in non-Hispanic black women and Hispanic women relative to non-Hispanic white women that can be attributed to intermediate variables, such as insurance status.

The aim of this study was to evaluate the mechanisms that underlie the observed association between race/ethnicity and cervical cancer survival. In doing so, we aimed to examine the mediation of the association between race/ethnicity and cervical cancer survival by modifiable clinical and socioeconomic factors, with a particular interest in insurance status, within the SEER database.

Methods {#sec002}
=======

Data source and study population {#sec003}
--------------------------------

The SEER18 registries data cover approximately 28% of the United States population, and collect information on patient demographics, tumor characteristics, treatment and survival for all incident cases\[[@pone.0193047.ref015]\]. The population covered is comparable to the general U.S. population.

We included all cases of invasive cervical cancer diagnosed between January 1, 2007 and December 31, 2013 (N = 23,891). We excluded cases that were diagnosed at autopsy or death (N = 133), those missing information on race (N = 135), and those with missing information on insurance status (N = 1,033), \<21 years of age (and therefore ineligible for cervical cancer screening) or ≥65 years of age \[since all were Medicare-eligible, but may have had other insurance (N = 4,389)\]. We excluded older patients because we were primarily interested in disparities in younger women. We also excluded patients diagnosed with multiple cancers (N = 1,875), with a histologic subtype suggestive of another primary site (N = 585) or with implausible values for survival time (N = 40). Finally, we excluded women diagnosed with stage IV disease (N = 2,003) because of lack of chemotherapy treatment data in SEER. The final analytic cohort included 13,698 women.

Outcome {#sec004}
-------

The primary outcome of interest was cervical cancer-specific mortality. All-cause and cervical cancer-specific mortality were extracted from SEER cause-specific death and other cause of death classification. Survival time was measured in months from the date of diagnosis to death from any cause or cervical cancer, or to the end of follow-up.

Exposure classification {#sec005}
-----------------------

The primary exposure of interest was race/ethnicity categorized as non-Hispanic white, non-Hispanic black, Hispanic or other (American Indian/AK Native, Asian/Pacific Islander).

Mediators {#sec006}
---------

The primary mediator of interest was insurance status, which was defined as uninsured or Medicaid insurance (i.e. any Medicaid or Indian/public health service), or private insurance (i.e. fee-for-service, managed care, health maintenance organization, preferred provider organization, TRICARE, and Medicare). We hypothesized that insurance status would be the driver of racial disparities in cervical cancer mortality, independent of other covariates. However, we also evaluated other potential mediators such as: marital status \[married vs. unmarried (single, divorced, widowed)\], region (West, Northeast, South, Midwest), and county-level measures of income (median household income; quartiles) and education (% high school completion; quartiles), obtained from linked Census 2008--12 American Community Survey data.

Clinically important potential mediators included stage at diagnosis and treatment. Cancer stage at diagnosis was defined based on the American Joint Committee on Cancer staging atlas (6^th^ ed.), and categorized into stages I, II, III. Treatment information was limited to surgery and/or radiation therapy (XRT), as SEER does not release chemotherapy information. Receipt of surgery was defined based on SEER site-specific surgery of primary site codes. XRT was defined as beam radiation, radioactive implants, radioisotopes, radiation with method not specified, or a combination of beam with implants or isotopes. We categorized treatment as surgery only, radiation only, both surgery and radiation, and neither treatment.

Statistical analysis {#sec007}
--------------------

We examined the association between race and baseline characteristics using a Pearson chi-square test. We conducted Cox proportional hazards models to estimate the adjusted association between race and death from any cause and cervical cancer-specific death. The multivariable model was adjusted for all baseline characteristics, stage at diagnosis and treatment received.

We conducted a mediation analysis to calculate the mediation proportion and its 95% confidence interval\[[@pone.0193047.ref016], [@pone.0193047.ref017]\]. The mediation proportion is the proportion of excess risk of cervical cancer mortality in non-Hispanic black women relative to non-Hispanic white women that can be attributed to the intermediate variable (e.g. lack of insurance) in black women. Similarly, it is the proportion of reduced risk of cervical cancer mortality in Hispanic women relative to non-Hispanic white women that can be attributed to the intermediate variable. We also conducted sensitivity analyses using other methods and our results were similar\[[@pone.0193047.ref018], [@pone.0193047.ref019]\]. Each mediation model is adjusted for the other mediators evaluated (i.e. the mediation model for insurance status is adjusted for marital status, education, region, income, stage and treatment), and age and year at diagnosis.

We then evaluated differences in treatment for early and late stage disease by race/ethnicity. For this analysis, we categorized stage as: (1) Early stage disease: stages 1A, 1A1, 1A2, 1B, 1B1, 1B2, 1NOS, and (2) Late stage disease: stages 2A, 2B, 2NOS, 3A, 3B, 3NOS.

Finally, we conducted multivariable Cox proportional hazards regression models to calculate hazard ratios (HRs) and 95% confidence intervals (95% CIs) for the association between region and cervical cancer mortality, separately for Hispanic and non-Hispanic black women. The multivariable models were adjusted for age at diagnosis, insurance status, marital status, education, income, region, year of diagnosis, histology, grade, stage and treatment.

Two-sided p-values \<0.05 were considered statistically significant. All statistical analyses were performed with SAS software, version 9.4 (SAS Institute, Cary, NC).

Results {#sec008}
=======

Among the 13,698 women diagnosed with stage I-III cervical cancer between 2007 and 2013, 7,234 (53%) self-reported as non-Hispanic white, 1,823 (13%) as non-Hispanic black, 3,323 (24%) as Hispanic and 1,318 (10%) as other race/ethnicity. A higher percentage of Non-Hispanic black women had Medicaid insurance or no insurance, were unmarried, and lived in the South and in counties with lower median household income, compared with non-Hispanic white women ([Table 1](#pone.0193047.t001){ref-type="table"}). Fewer non-Hispanic black women were diagnosed with a stage I tumor and more had squamous cell carcinoma, compared with non-Hispanic white women ([Table 1](#pone.0193047.t001){ref-type="table"}). Compared to non-Hispanic white women, a higher percentage of Hispanic women had Medicaid insurance or no insurance, lived in the West, and had lower education levels ([Table 1](#pone.0193047.t001){ref-type="table"}). Stage, grade and histology were similar between non-Hispanic white, Hispanic, and other race women.

10.1371/journal.pone.0193047.t001

###### Sociodemographic and clinical characteristics by race of women with cervical cancer in SEER, 2007--2013.
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  -----------------------------------------------------------------------------------------------------------------------------------------
  Characteristics                                                          Non-Hispanic White   Non-Hispanic\   Hispanic      Other
                                                                                                Black                         
  ------------------------------------------------------------------------ -------------------- --------------- ------------- -------------
  **Insurance**                                                                                                               

  Private                                                                  5,133 (71%)          900 (49%)       1,397 (42%)   839 (64%)

  Medicaid                                                                 1,631 (23%)          705 (39%)       1,500 (45%)   405 (31%)

  Uninsured                                                                470 (7%)             218 (12%)       426 (13%)     74 (6%)

  **Age**                                                                                                                     

  21--34                                                                   1,417 (20%)          318 (17%)       767 (23%)     185 (14%)

  35--44                                                                   2,451 (34%)          557 (31%)       1,182 (36%)   410 (31%)

  45--54                                                                   2,017 (28%)          561 (31%)       876 (26%)     411 (31%)

  55--64                                                                   1,349 (19%)          387 (21%)       498 (15%)     312 (24%)

  **Year of Diagnosis**                                                                                                       

  2007                                                                     1,093 (15%)          268 (15%)       486 (15%)     196 (15%)

  2008                                                                     1,063 (15%)          274 (15%)       495 (15%)     175 (13%)

  2009                                                                     1,083 (15%)          267 (15%)       489 (15%)     172 (13%)

  2010                                                                     1,043 (14%)          253 (14%)       473 (14%)     193 (15%)

  2011                                                                     1,027 (14%)          249 (14%)       468 (14%)     178 (14%)

  2012                                                                     969 (13%)            261 (14%)       468 (14%)     198 (15%)

  2013                                                                     956 (13%)            251 (14%)       444 (13%)     206 (16%)

  **Marital Status**                                                                                                          

  Unmarried                                                                3,612 (50%)          1,388 (76%)     1,871 (56%)   552 (42%)

  Married                                                                  3,622 (50%)          435 (24%)       1,452 (44%)   766 (58%)

  **Geographic Region**                                                                                                       

  West                                                                     3,205 (44%)          407 (22%)       2,707 (81%)   1,139 (86%)

  Northeast                                                                1,100 (15%)          319 (18%)       397 (12%)     97 (7%)

  South                                                                    2,217 (31%)          871 (48%)       166 (5%)      58 (4%)

  Midwest                                                                  712 (10%)            226 (12%)       53 (2%)       24 (2%)

  **Residence**                                                                                                               

  Metropolitan                                                             6,109 (85%)          1,667 (91%)     3,228 (97%)   1,224 (93%)

  **High School Completion (%)**[^1^](#t001fn001){ref-type="table-fn"}                                                        

  Quartile 1 (\<78%)                                                       1,377 (19%)          357 (20%)       1,353 (41%)   318 (24%)

  Quartile 2 (78%-85%)                                                     1,665 (23%)          682 (37%)       876 (26%)     204 (15%)

  Quartile 3 (86%-88%)                                                     1,802 (25%)          492 (27%)       681 (20%)     373 (28%)

  Quartile 4 (\>88%)                                                       2,390 (33%)          292 (16%)       413 (12%)     423 (32%)

  **Median Household Income (\$)**[^1^](#t001fn001){ref-type="table-fn"}                                                      

  Quartile 1 (\<\$59,530)                                                  2,101 (29%)          704 (39%)       501 (15%)     100 (8%)

  Quartile 2 (\$59530-\$64019)                                             1,267 (18%)          438 (24%)       1,336 (40%)   346 (26%)

  Quartile 3 (\$64020-\$79960)                                             2,029 (28%)          409 (22%)       728 (22%)     294 (22%)

  Quartile 4 (\>\$79960)                                                   1,837 (25%)          272 (15%)       758 (23%)     578 (44%)

  **Stage at Diagnosis**                                                                                                      

  I                                                                        4,332 (60%)          844 (46%)       1,869 (56%)   723 (55%)

  II                                                                       912 (13%)            326 (18%)       427 (13%)     198 (15%)

  III                                                                      1,582 (22%)          502 (28%)       786 (24%)     328 (25%)

  Unknown                                                                  408 (5%)             151 (8%)        241 (7%)      69 (5%)

  **Histology**                                                                                                               

  Squamous cell carcinoma                                                  4,594 (64%)          1,463 (80%)     2,251 (68%)   836 (63%)

  Adenocarcinoma                                                           1,357 (19%)          126 (7%)        546 (16%)     242 (19%)

  Other                                                                    1,283 (18%)          234 (13%)       526 (16%)     240 (18%)

  **Tumor Grade**                                                                                                             

  I: Well differentiated                                                   953 (13%)            132 (7%)        362 (11%)     164 (12%)

  II: Moderately differentiated                                            2,369 (33%)          576 (32%)       1,072 (32%)   397 (30%)

  III-IV: Poorly differentiated or undifferentiated                        1,914 (26%)          555 (30%)       974 (29%)     375 (28%)

  Unknown                                                                  1,998 (28%)          560 (31%)       915 (28%)     382 (29%)
  -----------------------------------------------------------------------------------------------------------------------------------------

^1^County-level data: percent of population with high school completion and median household income

Cervical cancer-specific and all-cause mortality {#sec009}
------------------------------------------------

Of the women diagnosed with potentially curable cervical cancer (stages I-III), 2,208 (16%) died between 2007 and 2013, with the majority dying from cervical cancer (n = 1,906, 86%). The median survival time was 31 months.

Women who were non-Hispanic black had a statistically significant increased risk of all-cause and cervical cancer-specific mortality, compared with non-Hispanic white women (All-cause HR: 1.23, 95% CI: 1.09--1.38; cervical cancer-specific mortality HR: 1.23, 95% CI: 1.08--1.39) ([Table 2](#pone.0193047.t002){ref-type="table"}). Hispanic women had a 20% reduced risk of all-cause and cervical cancer-specific mortality ([Table 2](#pone.0193047.t002){ref-type="table"}), compared with non-Hispanic white women. While other race women also had a reduced risk of mortality, the association was not statistically significant ([Table 2](#pone.0193047.t002){ref-type="table"}).

10.1371/journal.pone.0193047.t002

###### Association between race and all-cause and cervical cancer mortality, among women diagnosed with stage I-III disease in SEER 2007--2013.
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                                                     Non-Hispanic White   Non-Hispanic Black   Hispanic            Other
  -------------------------------------------------- -------------------- -------------------- ------------------- -------------------
  **All-cause Mortality**                                                                                          
  N cases                                            1143                 453                  441                 171
  HR (95% CI)[\*](#t002fn001){ref-type="table-fn"}   Ref.                 1.23 (1.09--1.38)    0.80 (0.71--0.91)   0.85 (0.72--1.01)
  **Cervical Cancer Mortality**                                                                                    
  N cases                                            975                  381                  397                 153
  HR (95% CI)[\*](#t002fn001){ref-type="table-fn"}   Ref.                 1.23 (1.08--1.39)    0.82 (0.72--0.93)   0.88 (0.74--1.05)

\*Adjusted for insurance status, stage, treatment, age, year of diagnosis, marital status, tumor grade, geographic region, urban/rural residence, histology, education and income.

Mediation {#sec010}
---------

There was evidence of statistically significant mediation of the racial disparities in cervical cancer mortality by modifiable socioeconomic and clinical variables. The estimated proportion of excess cervical cancer mortality for non-Hispanic black women relative to non-Hispanic white women that was mediated by socioeconomic variables was 18.6% for insurance, 14.6% for marital status, 6.2% for education, and 8.1% for region ([Table 3](#pone.0193047.t003){ref-type="table"}); income was a non-statistically significant mediator (2.7%; p = 0.08). Furthermore, the proportion mediated by stage was 22.0% and by treatment was 47.2% ([Table 3](#pone.0193047.t003){ref-type="table"}).

10.1371/journal.pone.0193047.t003

###### Proportion mediated[^1^](#t003fn002){ref-type="table-fn"} of the association between race and cervical cancer mortality by socioeconomic and clinical variables, among women diagnosed with stages I-III disease in SEER 2007--2013[\*](#t003fn001){ref-type="table-fn"}.
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                                           Non-Hispanic White   Non-Hispanic Black    Hispanic
  ---------------------------------------- -------------------- --------------------- -------------------------------------------------
  Insurance                                Ref.                 18.6% (11.8%-28.2%)   \-\-\-\--[^2^](#t003fn003){ref-type="table-fn"}
                                                                p \<0.001             
  Marital Status                           Ref.                 14.6% (8.7%-23.5%)    2.0% (0.0%-72.0%)
                                                                p \<0.001             p = 0.34
  Education                                Ref.                 6.2% (2.7%-13.8%)     \-\-\-\--[^2^](#t003fn003){ref-type="table-fn"}
                                                                p = 0.004             
  Income                                   Ref.                 2.7% (0.6%-11.4%)     \-\-\-\--[^2^](#t003fn003){ref-type="table-fn"}
                                                                p = 0.08              
  Region                                   Ref.                 8.1% (3.0%-20.0%)     23.8% (10.3%-46.0%)
                                                                p = 0.01              p \<0.001
  Stage at diagnosis (Stages I, II, III)   Ref.                 22.0% (8.4%-46.5%)    10.3% (0.6%-69.1%)
                                                                p = 0.01              p = 0.23
  Treatment                                Ref.                 47.2% (27.9%-67.4%)   \-\-\-\--[^2^](#t003fn003){ref-type="table-fn"}
                                                                p \<0.001             

\*Other race removed because none of the factors were mediators

^1^ All mediation models are mutually adjusted for the other potential mediators (i.e. the model for mediation by insurance status is adjusted for marital status, education, income, region, stage and treatment), and age and year at diagnosis.

^2^ \-\-\-\-- = Not mediated

Among Hispanic women, we did not find evidence of mediation by insurance status. The proportion of reduced cervical cancer mortality for Hispanic women mediated by region was surprisingly strong (23.8%) ([Table 3](#pone.0193047.t003){ref-type="table"}). As shown in [S1 Table](#pone.0193047.s001){ref-type="supplementary-material"}, among Hispanic women, those living in the northeast had a statistically significant increased risk of cervical cancer-specific mortality, compared with those living in the West, while those living in the South and Midwest had a non-statistically significant reduced risk of cervical cancer-specific mortality. Among non-Hispanic black women, there was no association between region and cervical cancer-specific mortality ([S1 Table](#pone.0193047.s001){ref-type="supplementary-material"}).

Treatment differences by race {#sec011}
-----------------------------

We did not expect to see such a strong mediation effect by treatment among non-Hispanic black women, and therefore wanted to evaluate potential differences in receipt of treatment by race. Among women diagnosed with early stage disease, non-Hispanic black women were more likely to receive radiation and less likely to receive surgery, which is the standard of care ([Table 4](#pone.0193047.t004){ref-type="table"}). Similarly, among late stage disease, non-Hispanic black women were less likely to receive surgery ([Table 4](#pone.0193047.t004){ref-type="table"}). The percentages receiving radiation across races were similar for late stage disease. In both late and early stage disease, the proportion of Hispanic women receiving radiation and surgery was similar to non-Hispanic white women ([Table 4](#pone.0193047.t004){ref-type="table"}).

10.1371/journal.pone.0193047.t004

###### Treatment given for cervical cancer by race, stratified by stage of disease at diagnosis.
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  ------------------------------------------------------------------ ------------------------ ------------------- ----------------- ---------------
  **Early Stage Disease (Stage 1A, 1A1, 1A2, 1B, 1B1, 1B2, 1NOS)**                                                                  

                                                                     **Non-Hispanic White**   **Non-Hispanic**\   **Hispanic**      **Other**
                                                                                              **Black**                             

                                                                     **(n = 4,332)**          **(n = 844)**       **(n = 1,869)**   **(n = 723)**

  **Radiation**                                                                                                                     

  EBRT + Brachytherapy                                               482 (11%)                109 (13%)           167 (9%)          59 (8%)

  EBRT alone                                                         468 (11%)                128 (15%)           238 (13%)         86 (12%)

  Brachy alone                                                       75 (2%)                  41 (5%)             47 (3%)           14 (2%)

  Radiation NOS                                                      3 (0.1%)                 3 (0.4%)            10 (0.5%)         1 (0.1%)

  No radiation                                                       3,228 (75%)              543 (64%)           1,388 (74%)       552 (76%)

  Unknown/refused                                                    76 (2%)                  20 (2%)             19 (1%)           11 (2%)

  **Surgical Management**                                                                                                           

  No surgery                                                         378 (9%)                 142 (17%)           231 (12%)         57 (8%)

  Radical hysterectomy                                               715 (17%)                96 (11%)            294 (16%)         144 (20%)

  Local destruction                                                  726 (17%)                154 (18%)           281 (15%)         125 (17%)

  TAH                                                                592 (14%)                95 (11%)            276 (15%)         75 (10%)

  TAH-BSO                                                            943 (22%)                199 (24%)           417 (22%)         164 (23%)

  Modified radical and/or extended hysterectomy                      714 (16%)                105 (12%)           288 (15%)         121 (17%)

  Hysterectomy NOS                                                   235 (5%)                 48 (6%)             75 (4%)           34 (5%)

  Pelvic exenteration                                                4 (0.1%)                 0 (0%)              1 (0.1%)          1 (0.1%)

  Surgery NOS                                                        9 (0.2%)                 1 (0.1%)            1 (0.1%)          1 (0.1%)

  Surgery Unknown                                                    5 (0.2%)                 1 (0.1%)            0 (0%)            0 (0%)

  Other                                                              11 (0.3)                 3 (0.4%)            5 (0.3%)          1 (0.1%)

  **Late Stage Disease (Stage 2A, 2B, 2NOS, 3A, 3B, 3NOS)**                                                                         

                                                                     **Non-Hispanic White**   **Non-Hispanic**\   **Hispanic**      **Other**
                                                                                              **Black**                             

                                                                     **(n = 2,494)**          **(n = 828)**       **(n = 1,213)**   **(n = 526)**

  **Radiation**                                                                                                                     

  EBRT + Brachytherapy                                               1,152 (46%)              304 (37%)           487 (40%)         228 (43%)

  EBRT alone                                                         912 (37%)                337 (41%)           489 (40%)         191 (36%)

  Brachy alone                                                       200 (8%)                 83 (10%)            111 (9%)          44 (8%)

  Radiation NOS                                                      13 (0.5%)                8 (1%)              11 (1%)           5 (1%)

  No radiation                                                       170 (7%)                 70 (8%)             95 (8%)           48 (9%)

  Unknown/refused                                                    47 (2%)                  26 (3%)             20 (2%)           10 (2%)

  **Surgical Management**                                                                                                           

  No surgery                                                         1,575 (63%)              621 (75%)           798 (66%)         331 (63%)

  Radical hysterectomy                                               199 (8%)                 25 (3%)             101 (8%)          54 (10%)

  Local destruction                                                  213 (9%)                 85 (10%)            92 (8%)           35 (7%)

  TAH                                                                33 (1%)                  10 (1%)             29 (2%)           6 (1%)

  TAH-BSO                                                            206 (8%)                 37 (4%)             85 (7%)           54 (11%)

  Modified radical and/or extended hysterectomy                      176 (7%)                 29 (4%)             67 (6%)           30 (6%)

  Hysterectomy NOS                                                   60 (2%)                  15 (2%)             27 (2%)           10 (2%)

  Pelvic exerteration                                                10 (0.4%)                1 (0.1%)            3 (0.3%)          1 (0.2%)

  Surgery NOS                                                        14 (0.6%)                3 (0.4%)            10 (0.8%)         5 (1%)

  Surgery Unknown                                                    5 (0.2%)                 2 (0.2%)            0 (0%)            0 (0%)

  Other                                                              3 (0.1%)                 0 (0%)              1 (0.1%)          0 (0%)
  ------------------------------------------------------------------ ------------------------ ------------------- ----------------- ---------------

Discussion {#sec012}
==========

In this study we found that, similar to previously published literature\[[@pone.0193047.ref009], [@pone.0193047.ref010], [@pone.0193047.ref014], [@pone.0193047.ref020]\], non-Hispanic black women were more likely to die of cervical cancer, compared with non-Hispanic white women, and Hispanic women had a reduced risk of cervical cancer-mortality, relative to non-Hispanic white women. Furthermore, we found that several potentially modifiable factors, including insurance status and treatment, were important mediators of the association between race/ethnicity and cervical cancer mortality.

Many individual, socioeconomic, and healthcare provider factors have previously been associated with worse cervical cancer-specific survival in older women\[[@pone.0193047.ref020]\]. Our study extends these results by demonstrating that these factors are also important in younger women, the population at the highest risk for developing cervical cancer. Our finding that the estimated proportion of excess cervical cancer mortality for non-Hispanic black women relative to non-Hispanic white women is mediated by potentially modifiable factors, such as insurance status and treatment, further extends earlier research investigating potential mechanisms underlying racial disparities in cervical cancer survival.

Earlier work has focused on examining associations of race, ethnicity and socioeconomic status with disparities in the stage of disease at diagnosis, treatment, and cervical cancer-specific survival\[[@pone.0193047.ref008], [@pone.0193047.ref021]--[@pone.0193047.ref024]\]. Here, we show that after adjusting for important socioeconomic and clinical factors, the excess cervical cancer mortality in non-Hispanic black women compared with white women that can be attributed to insurance status was 18.6% among women diagnosed with stages I-III. This is important because insurance status is a characteristic that can be modified, as demonstrated recently by Robbins, et al. who found that implementation of the Affordable Care Act (ACA) Dependent Coverage Expansion in September 2010 was associated with a net increase in diagnosis of early-stage disease and use of fertility-sparing treatments among women aged 21 to 25 years, but not among women aged 26--34, compared with earlier years\[[@pone.0193047.ref023]\]. Furthermore, the expansion of insurance coverage, including coverage of preventative services such as the HPV vaccine, may also help mitigate some of the adverse outcomes. These findings suggest that enhanced insurance coverage may mitigate existing inferior cervical cancer outcomes associated with non-private health insurance. Conversely, efforts to limit health insurance coverage may exacerbate disparities in outcomes.

We also showed a large proportion of the association between race/ethnicity and cervical cancer mortality was mediated by treatment and region. Previous studies have found conflicting results for potential racial disparities in treatment. Some studies have shown black women receive less treatment\[[@pone.0193047.ref010], [@pone.0193047.ref011], [@pone.0193047.ref013], [@pone.0193047.ref025]--[@pone.0193047.ref028]\], even after adjusting for age, stage, histology and SES, while others have found no association in treatment according to race\[[@pone.0193047.ref029], [@pone.0193047.ref030]\]. A randomized trial found no differences in overall or disease-free survival comparing radiation and surgery in women with stages Ib-IIa cervical cancer\[[@pone.0193047.ref031]\]. However, full adherence to the radiation regime was attained in the setting of a randomized trial, which may not reflect clinical practice. Observational studies suggest potential differences in adherence to the full treatment course. Furthermore, a recent study by Beavis *et al*. showed cervical cancer mortality rates were underestimated after correcting for hysterectomy, particularly among black women\[[@pone.0193047.ref032]\]. Here, we show that a large proportion (47%) of the excess cervical cancer mortality in black women can be explained by treatment, and that black women are more likely to receive radiation and less likely to receive surgery for early stage disease.

Region was also found to be a potential mediator of the association between racial disparities and cervical cancer mortality, for both non-Hispanic and Hispanic women. Sheppard *et al*. showed differences in the association between race and survival between states\[[@pone.0193047.ref030]\]. Similarly, distance from Comprehensive Cancer Centers has previously been shown to be associated with poor outcomes, including a decreased likelihood of completing a full treatment regime and increased risk of death\[[@pone.0193047.ref033]\]. In this study, region and treatment mediated the association between race and cervical cancer-specific survival independently, suggesting that both are potential targets for improved outcomes. The association with region could also be the result of chance given fewer deaths from cervical cancer in regions other than the West. Alternatively, our results may be related to differences in acculturation by geographic region. Previous studies have shown that differences in language, culture, and low health literacy are barriers adequate healthcare, including accessing fewer preventative services and lack of adherence to treatment regimes.\[[@pone.0193047.ref034]--[@pone.0193047.ref037]\]

There are a few limitations to this study worth noting. First, SEER does not release information on chemotherapy, which limited our ability to ascertain whether patients with stages I-III disease received concurrent chemotherapy with radiation, or whether these associations remained true for patients with stage IV disease. However, data from previous studies suggest that there has been rapid and widespread adoption of concurrent chemotherapy and radiation since 1999 when three randomized clinical trials demonstrated improved survival compared with radiation alone\[[@pone.0193047.ref038], [@pone.0193047.ref039]\]. Second, our study population was restricted to women aged 21 to 64 years so our results may not apply to younger or older patients; however, this age range captures approximately 80% of all cervical cancer cases diagnosed in the U.S.\[[@pone.0193047.ref040]\] Finally, we note that race/ethnicity and socioeconomic factors are complex constructs with both individual and group-level determinants. We attempted to evaluate and adjust for factors thought to be important potential pathways in racial disparities in cervical cancer mortality; however, we were limited by county-level indices of income and education and lack of detailed information about treatment decision-making, including patient preferences.

In closing, our study suggests that some of the excess mortality for non-Hispanic black women and reduced mortality for Hispanic women, relative to non-Hispanic white women, is mediated by factors such as insurance status, region and treatment. These findings suggest that enhancing existing insurance coverage and ensuring equal and adequate treatment in all women may be a key strategy for improving cervical cancer outcomes among non-elderly women. In addition, continued expansion of preventative services, such as immunization against HPV, a known cause of cervical cancer, should be encouraged.
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